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OBJECTIVE: The aim of this study was to determine the feasibility of using open tension-free mesh
repair for adult inguinal hernias performed by resident surgeons under the supervision of a chief
surgeon in a community hospital.
METHODS: From May, 1992 through April, 2000, we performed 314 open tension-free mesh repairs
on 289 patients (234 men, 55 women) with a mean age of 65.7 years. There were 173 right and 141
left hernias, and 25 were bilateral; while 220 were indirect, 77 were direct and 17 were of the femoral
type. There were 281 primary and 33 recurrent lesions. Resident surgeons under the supervision of the
first author (SY) performed all hernioplasties. Three types of open tension-free mesh repairs were
performed; the Lichtenstein repair (n = 72), the mesh-plug repair (n = 134), and the Hernia System
repair (n = 108).
RESULTS: The duration of surgery averaged 73.0 minutes. There was no perioperative mortality. Five
patients developed subcutaneous wound infections; no case required mesh removal. Hematoma
occurred in eight patients, and seroma developed in 25. All haematomas and seromas subsided with
repeated aspiration. The average duration of hospitalization was 6.5 days. The length of follow-up rose
from 1 to 8 years, with a mean of 3.7 years. No patients in any group had a recurrence during the follow-
up period.
CONCLUSIONS: Under the close supervision of the staff surgeon, tension-free hernioplasties can be
performed on adult inguinal hernias by surgeons-in-training in non-specialist centres with excellent
outcomes, low postoperative complications and no recurrence. (Asian J Surg 2002;25(2):121–5)
 INTRODUCTION
Tension-free mesh repair for adult inguinal hernia,
originally popularized by Lichtenstein et al,1 has enjoyed
widespread use over the past 10 years and is rapidly and
progressively becoming a substitute for traditional
approaches.2 Tension-free mesh repair through the anterior
approach is simple to perform and gives excellent results
with less postoperative pain and discomfort, a more rapid
return to regular activities and lower recurrence rates.3
There are, as yet, relatively few data on the use of open
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the outcomes obtained by surgeons in training. This report
describes an 8-year experience of open tension-free mesh
repair for adult inguinal hernia performed by resident
surgeons under the supervision of a chief surgeon in a
community hospital.
PATIENTS AND METHODS
From May, 1992 through April, 2000, we performed
open tension-free mesh repair on 289 patients (Table 1).
Of these patients, 234 were men and 55 were women.
Ages ranged from 19 to 89 years, with a mean age of 65.7
years; 167 patients (57.9%) were older than 65 years.
Twenty-five patients had bilateral hernias, which were
repaired simultaneously. A total of 314 hernias were
observed in 289 patients. There were 173 right and 141
left hernias. Of the hernias, 220 were indirect, 77 were
direct and 17 were femoral. There were 281 primary
lesions and 33 recurrent. Twenty-two were incarcerated.
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Concomitant major abdominal surgical procedures were
as follows: one hysterectomy, one left hemicolectomy,
one left lateral hepatectomy, one intestinal obstruction
and one resection of a left testicular tumour.
Resident surgeons under the supervision of the first
author (SY) performed all hernioplasties. Three types of
open tension-free mesh repair were performed in our
hospital; the Lichtenstein repair,1 mesh-plug repair4 and
Hernia System repair.5  Table 1 shows the breakdown of
hernia type among the patients who had the operations.
 SURGICAL TECHNIQUES
An oblique 6-cm incision was made, and the external
oblique fascia was opened through the external ring. The
spermatic cord was mobilized from the floor of the
inguinal canal and the pubic tubercle. The round ligament
was usually sacrificed in women. If an indirect sac was
present, it was dissected back to the internal ring and then
amputated near its neck. For repair of direct inguinal
hernias, the floor of the inguinal canal was circumscribed.
Diverticular-type sacs were amputated and diffuse types
were inverted into the peritoneal cavity.
For the Lichtenstein repair, a prosthetic mesh of
polypropylene (Marlex®) (Bard Inc., Tokyo, Japan) was
tailored to cover the floor of the inguinal canal. The mesh
was slit to accommodate the cord structures.1 The mesh
was sutured on all sides.
For the mesh-plug repair, a conical plug of
polypropylene (Marlex®) mesh (PreFiX plug) (Bard Inc.)
was placed into the internal ring and held in place by four
to six sutures.4 A second piece of flat polypropylene mesh
(onlay mesh) was slit to surround the cord structures and
used to reinforce the floor of the canal as in the Lichtenstein
repair.
PROLENE® Hernia System (Ethicon Inc., Tokyo) is a
polypropylene mesh, which is made of an underlay patch
connected to an onlay patch by a “connector.”5 In our
series, a space was created between the floor of the canal
and the peritoneum (actualization of the properitoneal
space). The underlay patch was folded, placed through
the internal ring and made to expand so that it lay in the
preperitoneal space of Bogros. This underlay patch
reinforced the floor of the canal from the preperitoneal
side and prevented recurrence through the internal ring.
The cylinder of the “connector” lay in the internal ring for
added protection against indirect recurrence. The onlay
patch was slit to accommodate the cord structures, placed over
the floor of the inguinal canal and sutured around the floor.
If a femoral hernia was encountered, it was reduced.
A rolled-up plug of Prolene mesh about 2 cm long, wide
enough to insert into the femoral canal and occlude the
Table 1. Patient population
Total Lichtenstein repair Mesh-plug repair Hernia System repair
Number of patients 289 67 120 102
Male:Female 234:55 44:23 100:20 90:12
Age (years) 59.7 65.9 65.5 64.9
Range 19–89 19–89 24–84 28–88
Bilateral 25 5 14 6
Number of hernias 314 72 134 108
Location
Right 173 39 74 60
Left 141 33 60 48
Types of hernia
Indirect 220 51 97 72
Direct 77 12 30 35
Femoral 17 9 7 1
Primary hernia 281 69 115 97
Recurrent hernia 33 3 19 11
Incarceration 22 16 6 0
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space, but not compromise the femoral vessels, was
inserted into the femoral canal and secured by several
sutures.6 If a plug was used, a separate mesh was placed
over the floor of the inguinal canal in the usual manner.
In 84 cases, hernioplasties were performed under
local an aesthesia via an infiltration technique. Spinal an
aesthesia was used in 200 cases. General an aesthesia was
used in the five cases in which concomitant major
abdominal surgical procedures were performed.
Prophylactic antibiotics were used routinely for 3
postoperative days. Discharge of patients undergoing
simple elective herniorrhaphy was scheduled according
to the decision of the patient.
RESULTS
Sixty-seven patients had the Lichtenstein repair, 120
the mesh-plug repair and 102 the Hernia System repair
(Table 1). The duration of surgery averaged 75.4 minutes
(range, 39–138 min) in the Lichtenstein repair group,
61.7 mins (range, 23–160 min) in the mesh-plug repair
group, and 82.0 min (range, 40–225 min) in the Hernia
System repair group (Table 2). There was no perioperative
mortality. Five patients had subcutaneous wound infections
(one in the Lichtenstein repair group, three in the mesh-
plug repair group and one in the Hernia System repair
group). Infected wounds were opened and irrigated. In no
case was the mesh removed. Haematoma occurred in
eight patients (0 in the Lichtenstein repair group, two in
the mesh-plug repair group, and six in the Hernia System
repair group), and seroma developed in 25 (six in the
Lichtenstein repair group, five in the mesh-plug repair
group, and 14 in the Hernia System repair group). All
haematomas and seromas subsided with repeated
aspiration. No postoperative neuralgia, chronic pain or
orchitis with testicular atrophy was reported.
The average duration of hospitalization after surgery
was 6.5 days (range, 1–14): 8.2 days (range, 4–14) in the
Lichtenstein repair group, 7.6 (range, 3–12) in the mesh-
plug repair group and 4.5 (range, 1–8) in the Hernia
System repair group. The length of follow-up was from
1 to 8 years, with a mean of 3.7 years. So far, no patients
in any group have had a recurrence.
DISCUSSION
It is estimated that the recurrence rate for primary
inguinal hernia is 10% and for recurrence is 25%.4 On the
other hand, specialized hernia centres report recurrence
rates of near 1% and 5% for primary and recurrent
hernias, respectively.7 Deysine and Soroff pointed out,
therefore, that to improve the results of inguinal
herniorrhaphy, specialization should be considered.7
However, because groin herniorrhaphy is a very common
procedure, specialist centres cannot handle all patients
with inguinal hernias and these patients are frequently
relegated to community hospitals. Another problem is
surgical education. Resident surgeons usually start their
training by performing hernioplasty and appendectomy.
Therefore, there is a need for appropriate surgical
techniques that can be employed by surgical trainees in
community hospitals.
The prime cause of recurrent inguinal hernia is
the approximation of normally unapposed tissue.1
This creates suture-line tension. With the use of a
prosthetic mesh, it is possible to repair all hernias
Table 2. Operative results
Total Lichtenstein repair Mesh-plug repair Hernia System repair
Duration of operation (min) 73.0 75.4 61.7 82.0
Range 23–225 39–138 23–160 40–225
Postoperative death 0 0 0 0
Postoperative complications
Wound infection 5 1 3 1
Haematoma 8 0 2 6
Seroma 25 6 5 14
Hospital stay (days) 6.5 8.2 7.6 4.5
Range 1–14 4–14 3–12 1–8
Recurrence 0 0 0 0
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with no suture-line tension.1 Infiltration of fibroblasts
into the mesh makes it strong permanently. In fact, few
hernia relapses have been observed after primary
groin hernia repair using prosthetic mesh, despite the
widespread use of this technique and the high number
of procedures performed.8 Therefore, our hypothesis is
that, with use of the tension-free mesh repair, the
results obtained by resident surgeons in community
hospitals could be compatible with the published
studies from specialized hernia centres.
The mesh was used in all cases of inguinal hernias,
except in paediatric patients or young adults with obvious
congenital indirect sacs and no weakness of the abdominal
wall. Tension-free mesh repairs utilize synthetic materials
to cover, reinforce or fill the defect, thereby preventing
bulging. A variety of methods and patches and/or plugs
have been used to accomplish this. In this study, we used
three types of mesh repair; this was not a randomized
study. For the Lichtenstein repair, the first reported mesh
repair, the mesh was slit 1.0 cm from the inferior edge to
accommodate the cord structure. The mesh tails were
overlapped and drawn evenly around the cord. However,
Wantz stated that dividing the cremaster muscle to reduce
the size of the cord and internal ring, as recommended by
Lichtenstein et al, did not prevent indirect recurrence.9
Overlapping the tails caused central bucking of the mesh
and permitted excessive sagittalization of the mesh
surrounding the cord, without necessarily making the
internal ring tighter. Consequently, Wantz placed another
plug in the internal ring to provide an additional safeguard
against indirect recurrent herniation.9 Commercially
preformed mesh plugs for mesh-plug repair are convenient
to use. However, for direct and large indirect hernias, the
plug is not large enough to occlude the hernia orifice. The
plug also becomes bulky, which results in patient
discomfort. In the Hernia System repair, the connector
obstructs the internal ring but does not become bulgy.
Together, the underlay patch and connector work as an
additional safeguard against indirect recurrent herniation.
Nevertheless, it is necessary to dissect the preperitoneal
space to extend the inlay patch of the Hernia System. This
dissection might have contributed more to the frequency
of postoperative haematoma or seroma in the Hernia
System repair group compared to the other two repair
groups. We have to continue to develop an ideal form of
mesh for inguinal hernioplasty.
We do not use laparoscopic inguinal herniorrhaphy as
the treatment of choice. The learning curve for laparoscopic
herniorrhaphy is so long that the procedure is not suitable
for resident surgeons10 and the technique is not
standardized. Moreover, for endoscopic approaches, the
pathophysiology of the pneumoperitoneum, with its
haemodynamic and cardiopulmonary effects, should be
taken into account. Most of our patients were elderly
(58% were older than 65 years), who often have
concomitant diseases that increase the surgical risk.8
Cardiovascular, pulmonary and urinary complications
can occur after hernioplasty, especially if the procedure
is performed under general or spinal anaesthesia.
Conversely, patients who receive local anaesthesia do
not generally have serious intra- or postoperative
complications. Consequently, the surgical treatment of a
common disorder such as a groin hernia should be
performed using surgical techniques that can be carried
out under local anaesthesia.8
Although the mean operative time in the present study
was quite long, the rate of minor local complications was
low, and there were no major postoperative problems.
The issues of haematoma and seroma formation have
more to do with the extensive subcutaneous soft tissue
dissection that is necessary with open repair. There is a
different culture in the delivery of healthcare between
Japan and Western countries. This is reflected in the
slightly longer hospital stay in our series. We scheduled
discharges according to the decision of the patients. Most
of our patients were retired, and did not need to go home
early. Unions and their members who have bargained for
sick leave may not appreciate the benefits of a more rapid
return to work.9 Therefore, the patients usually wanted to
go home after the sutures were removed on the seventh
day. However, there was a tendency for decreasing the
hospital stay after we introduced local anaesthesia for the
hernioplasty, as shown in the Hernia System group.
To guarantee good results with resident surgeons, two
special considerations should be given. The first is that
the hernia sac should be opened in order not to overlook
it.8 We have often seen resident surgeons in training
unsure when finding the hernia sac without opening it.
The second point is that the mesh patch must be large
enough and completely secured.11 Capozzi et al6
emphasized the importance of closing the keyhole slit
and using an onlay mesh large enough. Gianetta et al8
stated that recurrences after anterior mesh repair for
primary hernia were due to inadequate size or poor
fixation of the mesh to the pubic tubercle or surrounding
structures.
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CONCLUSION
In conclusion, the good results and simplicity of the
procedures suggest that the use of open tension-free
mesh repair is beneficial. Given that the supervising staff
surgeon has an excellent knowledge of anatomy and of
tension-free hernioplasty technique, adult inguinal hernias
can be repaired by surgeons in training in non-specialist
centres with excellent outcomes, low postoperative
complications and no recurrence.
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